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Highly Pathogenic H5N1 Influenza
Virus Infection in Migratory Birds
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Avian influenza virus (AIV) involving at least
three subtypes, HS, H7, and H9, has emerged as
an important pathogen in the poultry indus-
try and is of major current global health
concern (/). The first case
report of chicken-to-human
transmission was in Hong
Kong in 1997 (2); since
2003, H5N1, a highly path-
ogenic AIV, has emerged
in 10 Asian countries, in-
cluding Thailand, Vietnam,
and China (Fig. 1), and has
claimed at least 53 human
lives. Until recently, migra-
tory waterfowl seemed to
be exempt from widespread
infection, although sporadic
cases were recorded (3).
Here we describe an out-
break of highly pathogenic
H5N1 infection among wa-
terfowl in Lake Qinghaihu,
Gangcha County, Qinghai
Province, in western Chi-
na (Fig. 1).

On 4 May 2005, a few
birds were found dead on
Bird Island, and by the end
of June more than a thou-
sand birds were affected.
This lake is one of the most
important breeding loca-
tions for migratory birds that overwinter in
Southeast Asia, Tibet, and India (Fig. 1). Several
species were infected, including the bar-headed
goose (Anser indicus), great black-headed gull
(Larus ichthyaetus), and brown-headed gull
(Larus brunnicephalus). Two key symptoms
were noticed: abnormal neurological signs (trem-
or and opisthotonus) and diarrhea. Among the
gross lesions, pancreatic necrosis was obvious
and was confirmed by tissue section where
extensive areas of lytic necrosis were seen,
consistent with pathology observed in do-
mestic geese and ducks infected with HSN1
AIV (3). Brain sections revealed glial cell
infiltration, perivascular cuffing, and conges-
tion in the blood vessels. Serological tests (4)
from one bar-headed goose and one brown-
headed gull confirmed the presence of high-
titer antibody against HSN1 AIV.

Several H5N1 viruses were isolated from the
viscera, brain, and swabs of the oropharynx
and cloaca of sick and dead birds. Four of the
isolates from different bird species were com-

Fig. 1. (A) The reported H5N1 AIV prevalence sites during the 2004 outbreak in China are
highlighted in yellow (8). Arrows indicate the migratory routes of the bar-headed goose (A.
indicus) to Lake Qinghaihu. (B) A sick bar-headed goose showing typical opisthotonus before
dying. (C) Bar-headed goose pancreas with pin-point necrotic lesions (arrow). (D) Microscopic
lesions in bar-headed goose brain, showing congestion in the blood vessels (white arrows) and
glial cell infiltration (black arrow). Hematoxylin and eosin x 25 (scale bar, 50 pm).

pletely sequenced (4) and appeared to be close-
ly related. None of the GenBank sequence data
for known HS5N1 AIV genomes completely
matched our sequences, implying the viruses
are reassortants. Five of the eight genomic
segments (M, PA, PB1, PB2, and NS) were
closely related to a Hong Kong 2004 isolate
(A/peregrine falcon/HK/D0028/04) (3). We ob-
served several characteristics in our four iso-
lates: first, the sequence PQGERRRKKR/G,
denoting multiple basic amino acids at the
cleavage site of the hemagglutinin; second, a
virulence island in the PB2 gene, E627K, first
seen in Hong Kong in 1997 (5); and third, a
deletion of 20 amino acids in neuramidase
(amino acid positions 49 to 69), also associated
with high virulence.

To test virulence, mice and chickens were
infected with the BhGoose/QH/1/05 (4) isolate.

All eight infected chickens died within 20 hours,
and seven of eight infected mice died within
72 hours; the last died 96 hours post-infection.
Earlier isolates taken from ducks in China were
less virulent in mice and chickens (6). Hence
we speculate that viruses might be emerging
from reassortants that originate in birds over-
wintering in southeast Asia (7).

The occurrence of highly pathogenic HSN1
AIV infection in migrant waterfowl indicates
that this virus has the potential to be a global
threat: Lake Qinghaihu is a breeding center for
migrant birds that congregate from southeast
Asia, Siberia, Australia, and New Zealand.
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